FBZl was reactive with the glomerular endothelial cells and distal tubules of the human kidney and was bound to a sialic-acid-dependent cell surface antigen. We evaluated the FBZl staining in fetal kidneys, and the kidneys of children and adults with normal kidneys and glomerulonephritis and investigated whether FBZl can be used as a marker for endothelial cell injury. FBZl was reactive with the endothelial cells of normal kidneys and was detected on the surface of endothelial cells by immunoelectron microscopy. FBZl was reactive with endothelial cells in the kidneys of over 3Z-week fetuses. The endothelial cell FBZl staining scores in the first renal biopsy specimens of patients with hemolytic uremic syndrome (HUS) were lower than in the kidneys of children with normal kidneys and was negatively correlated with their serum E-selectin concentrations. The FBZ1 staining of glomerular endothelial cells was similar to the staining for the other endothelial markers, CD34 and von Willebrand factor (vWF). However, FB21 staining of interstitial blood vessels was very weak and was distinct from that of other endothelial markers. These results suggest that FB21 can be used as a specific marker for glomerular endothelial cell injury in various types of glomerulonephritis.
INTRODUCTION
Glomerular endothelial cells consist of cell bodies, which are generally located close to the mesangial axis, and peripherally located attenuated and highly fenestrated cytoplasmic sheetsl-3). Glomerular endothelial cells are active participants in the processes controlling coagulation, inflammation, and immune processes, and synthesize and release endothelin-l and endothelium-derived relaxing factor l • 2 ). Thus, it is suggested that glomerular endothelial cells play an important role in maintaining renal homeostasis.
There had been some reports on endothelial cell injury in various types of glomerulonephritis, such as crescentic glomerulonephritis, hemolytic uremic syndrome (HUS), and lupus nephritis 3 -6 ) . The tight junctions between endothelial cells and the extracellular matrix tend to be destroyed in pathologic conditions, and desquamation of endothelial cells from the basement membrane tends to occur at the onset of glomerular injury. Endothelial cell injury is important in the pathogenesis and progression of glomerulonephritis.
As indices of glomerular endothelial cell injury, several markers, such as von Willebrand factor (vWF), CD34, and E-Selectin have been used 7 -12 ) . l. CD34 is a 110 kD transmembrane glycoprotein present on leukemic cells, endothelial cells, and stem cells I3 -15 ). Naruse et al. reported that CD34 is a useful marker not of glomerular endothelial cell but of mesangial transformation I4 • 15 ). VWF is a glycoprotein that mediates platelet adhesion to the subendothelium at sites of vascular injury, and binds and stabilizes factor VIII in the circulation 6 • 13 ) . It appears to be expressed exclusively on endothelial cells, where it exhibits a granular pattern of reactivity. Expression of it is also found in the cytoplasm of megakaryocytes. It is stored in Weibel-Palade bodies. Although it is commonly used as an immunohistochemical marker for endothelial cells, little is known concernings the relative levels of expression of vWF in endothelial cells of the same or different vascular beds in vivo. E-selectin mediates the adhesion of polymorphonuclear cells, monocytes, and some memory T cells to cytokine-activated endothelial cells 5 • 8 ) . Expressed by venular and capillary endothelial cells at sites of active inflammation, it is a marker of endothelial activation in the kidneyI2).
However, they are not specific markers of only glomerular endothelial cells. On the other hand, FB21 is a monoclonal antibody that binds a sialic-aciddependent surface antigen and is reactive with human B-cell antigen, glomerular endothelial cells and the epithelial cells of the distal tubules of the human kidney on formalin-fixed, paraffin-embedded tissue sections I6 • 17 ). We therefore evaluated the FB21 reactivity in fetal kidney and in the kidneys of children and adults with normal kidneys and glomerulonephritis (GN) and investigated whether FB21 can be used as a marker for glomerular endothelial cell injury.
ABOUT FB21
FB21 was detected by Nozawa et al. as a monoclonal antibody that binds a sialic-acid-dependent surface antigen lo • II ). Nozawa et at. have examined the im-munoreactivity of FB21 in a wide range of norm a l and neoplasti c lymphoid tissues, and reported that FB21 is strongly reactive with a subpopulation of B cells in the inner layer of the mantle zone of Iymphnodes and wea kl y reactive with germinal center cells'O,l l) They a lso fo und that FB21 reacts wi th epithelial cells of the prostate, endometrium, distal rena l tubules, and hepatocytes. Immunoprecipitation studi es revealed that FB21 ma y be bound to a sia li c-ac id -dependent carbohydrate epitope. Sialic acids are deri ved from neuramini c acid, whose main deri vat ive is Nacetylneuraminic acid , which is generally used as a synonym fo r siali c ac ids ' S ). Sia li c acids are widely di stributed in nature in the fo rm of non -reducing termini of glycoproteins and glycolipids. About 70% of all sialic acids in eukaryotic cells are found on the cell surface, whil e the remainder are distributed among the endoplasmi c reticulum, mitocb ondria, and lysosomes. Because of their acidic nature, they impart a negative charge to the cell surface and are im porta nt in cell-t o-cell and cell -to-matri x interactions.
THE ROLE OF FB 21 AS A MAR KER OF GLOMERULAR ENDOTHELIAL CELLS
We found that FB21 was reactive witb the glomerul ar endotheli a l cell s of norm a l kidney, a nd was detectable on the surface of endotheli a l cells on immun ogold electron microscopy. H owever, FB21 was not reactive with glomerular end othelial cells in renal secti ons aft er sia lidase digestion (F igure 1) . These results suggest that glomerular endotheli a l cell s may possess a specific siali c-dependent carbo- B ( x 400) . CD34 is reactive with g lomerul a r end otheli a l cell s on li g ht m icrosco py. C ( x 400 ) . von W ill ebran d facto r is reactive with g lome ru la r end otheli a l cell s on li ght mi c roscopy. D ( x 400). FB21 is not reactive with endothe li a l cell s of interstiti a l bl ood vessels on li g ht microscopy.
E ( x 400 ) . CD34 is reacti ve with endothe li a l cell s of in terstiti a l blood vesse ls on lig ht microscopy. F ( x 400 ) . vo n W ill ebra nd fa ctor is reactive with endotheli a l cell s of interstit ia l blood vesse ls on lig ht mi c rosco py.
hydrate epitope that the endotheli a l cells of other bl ood vessels lack I2
).
We compared the results of staining of glomerular endotheli a l cell s with each marker ( Figure  2 ). The endotheli al cells of both glomeruli and interstitial blood vessels were reactive for CD34 and vWF when examined by light mi cr oscopy. The FE21 staining of glomerular end othelial cells was similar to the staining fo r the other endothelia l markers, CD34 and vWF. I-Iovvever, FE21 sta ining of interstitial blood vesse ls was very wea k a nd was di stinct from that of other end otheli a l markers. Staining fo r FE21 on vessels of the kidney was positive only in glomerular endotheli a l cells.
In addition, we eva luated FE21 staining in fetal kidneys as well as the kidneys of children with glomerulonephriti s including !-IUS, and investigated wheth er FE21 can be used as a mar ker fo r endotheli a l cell inj uryl 2) (Figures 3, 4,5) . Eased on the cha racteri stic li ght-microscopic appearance of glomeruli , N a ruse identified 4 development stages in the human kidney the vesicle stage, S-shaped body stage, capi ll ary loop stage, and maturing glomerulus stage and showed that fetal A ( x 400) . There is no FB21 sta ining in thi s 20-week feta l kidney and a mesenchyma l cell cluster has formed in the nephrogen ic zo ne. B ( x 40 0) . There is no FB21 stain ing in this 26-week fetal kidney, and the differentiated lower limb of the S-shaped bod y has fo rmed an im mature g lomerulus. C ( x 400) . FB21 is weak ly react ive with g lomerul a r endothel ia l cells in t hi s 32week feta l kidney. D ( x 400) . FB21 -positive glomeru la r end otheli a l cell s aggregate at the ro ot of the deve loping glomerulus and then mi g rate to the periphery of t he glomerul ar tuft.
39 g lomerular endotheli a l cells gradually change into adult glomerul ar endothelial cells in the maturing glomerulus stage 14 ,15) 'vVe found no reacti vity with FB21 in the fe tal hum an kidney before 26 weeks, though FB21 was reacti ve with g lomerular endotheli al cells in the feta l kidney after 32 weeks. FB21 -positi ve glomerular endothelial cells later aggregated at the root of the developing glomerulus, and had migrated to the periphery of the glomerular tuft in the 40-vveek feta l kidney.
BUS is defined as a triad of microangiopathic hemo lytic anemi a thrombocytopenia, and acute renal fa ilure. B US is typ ical of rena l di seases with endotheli al cell dysfuncti on, and microscopic stud y of renal tissue in I-IUS shows endothelial swelling a nd detachment fro m the basement membrane. We fo und that FB21 staining of the endotheli al cells was sign ificantl y wea ker in patients with B US than in children with normal kidneys, and that FB21 staining of glomerular endothelial F ig ure 5. Compa ri so n between mea n FB21 sta ining sco re of g lomelul ar endoth e li a l cell s by form of g lomerul oneph riti s P SAGN . poststreptococca l ac ute g lomerul onephritis Me. minimal change cells in second biopsy specimens was stronger than that in first biopsy specimens. In addition, serum E-selectin concentrations at the time of first biopsy were greater than at second biopsy, and renal FB21 staining in patients with HUS correlated negatively with serum E-selectin values, an indicator of endothelial cell damage (Figure 4 ). We therefore concluded that FB21 can be used as a marker for glomerular endothelial cell injury and dysfunction in patients with HUS. In addition, the endothelial cell FB21 staining of crescentic and sclerotic glomerular lesions in patients with immunoglobulin A nephropathy (lgAN) , membranoproliferative glomerulonephritis (MPGN), and FGS was weaker than in normal kidneys ( Figure  5 ). We therefore believe that FB21 can be used as a specific marker for glomerular endothelial cell injury in various types of glomerulonephritis 12 ). Mean FB21 staining scores in glomerular endothelial cells in patients with PSAGN and Me were similar to those in normal kidney. PSAGN is characterized by endocapillary proliferative glomerulonephritis and swelling of glomerular endothelial cells. However, the degree of FB21 reactivity with glomerular endothelial cells in PSAGN patients in our study was similar to that in normal kidneys, suggesting that endothelial cell function is retained in PSAGN despite endothelial cell swelling.
The pathogenesis of Me nephrotic syndrome (MeNS) is related to glomerular epithelial cell injury and the negative charge of glomerular capillaries. We speculated that FB21 staining score of glomerular endothelial cells was lower than in normal kidney because of the relationship between sialic acids and the negative charge of glomerular capillaries. However, our findings in patients with Me with nephrotic syndrome and/or hematuria showed that endothelial cell injury was infrequent, suggesting that the pathogenesis of Me with nephrotic syndrome and/or hematuria is unrelated to glomerular endothelial cell injury and dysfuction. The sialic-dependent carbohydrate epitope bound to FB21 may thus be distinct from the sialic-dependent carbohydrate epitopes related to the negative charge in patients with Me and nephrotic syndrome.
Finally, all patients and their parents gave their informed consent in this work and this work was approved by the hospital ethics committee.
THE FUTURE OF FB21
Although FB21 is used as a specific marker for human glomerular endothelial cell injury and dysfunction, FB21 is not reactive with glomerular endothelial cell of mice, rats, and pigs. Thus, FB21 is not able to use as a glomerular endothelial cell marker in order to investigate the role of glomerular endothelial cell in experimental model of mice, rats, and pigs. In the future, FB21 may be used as an index of distal renal tubules dysfunction, because FB21 reacts with distal renal tubules. CONCLUSION The reactivity for FB21 of glomerular endothelial cells was similar to those for other endothelial markers, including CD34 and vWF. However, the FB21 staining of interstitial blood vessels was very weak, and distinct from that of other endothelial markers. Staining for FB21 on renal vessels was positive only in glomerular endothelial cells.
We conclude that FB21 can be used as a specific marker for glomerular endothelial cell injury and dysfunction in various forms of glomerulonephritis.
